Seventy patients who underwent a total of 77 consecutive carotid endarterectomies were given thiopentone (mean dose 19 mg/kg) under EEG control for cerebral protection during the period of carotid clamping. This technique was used instead of elective insertion of a temporary bypass shunt in response to adverse EEG changes occurring after clamping. The EEG was monitored continuously throughout operation. The EEG burst-suppression pattern with electrically inactive periods of 30-60 seconds was taken as indicating a depth of barbiturate anaesthesia adequate to provide brain protection. Patients exhibited a drop in blood pressure during barbiturate administration: in most the pressure recovered spontaneously but in twenty operations metaraminol was needed to re-establish an adequate pressure before clamping. No adverse cardiological effects were associated with the administration of thiopentone or metaraminol. There was no mortality and no neurological morbidity in this series.
The clinical use of barbiturates for cerebral protection is based on extensive evidence in animals and a few uncontrolled clinical trials in human subjects. Although there are conflicting reports about the ability of thiopentone, in particular, to protect the brain from global ischaemia, the results from the animal stroke model have been much more convincing. Because of obvious species differences, direct application of these experimental results to the clinical situation may not be fully appropriate, although the published clinical studies,I-6 describing the use of high-dosage barbiturate protection during temporary induced focal ischaemia, have shown encouraging results. 7 Electroencephalographic (EEG) monitoring during carotid endarterectomy has been shown to provide a continuous assessment of cerebral function, to indicate the need for a temporary bypass shunt and to give immediate information to help avoid intraoperative cerebral complications. 815 A high correlation between EEG changes and decreased regional cerebral blood flow has been demonstrated with the degree of EEG change reflecting the severity of flow reduction. 9 Kassel et al. 16 described the use of the EEG to regulate the administration of barbiturate dosage adequate for maximal cerebral vasoconstriction and reduction of cerebral metabolism with the mllllmum of cardiovascular depression. They found that the optimal dosage produced a level of burstsuppression in the EEG in which the inactive periods between the bursts of activity lasted for 30-60 seconds. Additional doses of thiopentone resulted in further impairment of cardiovascular function without further reduction of cerebral metabolism.
In this study a similar regimen of high-dosage barbiturate protection initiated before the carotid arteries were clamped has been employed. Until fairly recently in this unit, temporary bypass shunts were inserted in response to adverse EEG changes occurring after the clamps had been applied. However, the use of a shunt had been directly responsible for the occurrence of two strokes, 'and other mechanical problems had been directly attributable to the presence of a shunt. In view of these problems and after considering the possible benefits of thiopentone protection, it was decided to embark on a study comparing the two methods of cerebral protection. However, after a short pilot study a surgical decision was taken that the use of shunts was probably no longer justified and that thiopentone protection should be used exclusively.
Realising the limitations of an uncontrolled study, we present this report of the first 77 consecutive carotid endarterectomies, undergone by 70 patients, using thiopentone cerebral protection under EEG control.
MATERIALS AND METHODS
There were 46 males and 24 females aged between 46 and 74 years, on whom 77 carotid endarterectomies were performed, seven patients requiring operation on both sides. The latter were done as staged procedures, with about 5-8 weeks between operations. Four Anaesli1esia and Inl(!nsive Care, Vol. 14, No. I. Fehruary, 1986 patients in the group had previously had one side operated on, and four others have been scheduled for a later contralateral endarterectomy. Two patients presented with the contralateral internal carotid artery totally occluded. Thus 20 patients had bilateral disease: IS in whom both sides required operation, three in whom the second side did not warrant endarterectomy and two in whom only one side was still patent, though stenosed. All patients had a history of either several transient ischaemic attacks, transient ischaemic attacks with amaurosis fugax or a minor completed stroke. None of the patients had amaurosis fugax alone or an asymptomatic carotid bruit. Angiographic evidence of stenosing and/or ulcerative plaques was present in every case. Two patients had earlier had myocardial revascularisation procedures and five underwent coronary artery bypass grafting after a carotid endarterectomy. In all, 21 of the patients had a history of ischaemic heart disease.
The patients were premedicated with omnopon and hyoscine in conventional dosages about one hour before operation. Arterial, central venous and peripheral lines were inserted under local anaesthetic prior to induction. Arterial pressure, central venous pressure and eletrocardiographic monitoring were then established. Thiopentone, 3-6 mg/kg, was used for induction and the patients were paralysed with pancuronium 0.1-0.15 mg/kg, and ventilation with a tidal volume of seven mllkg and rate of lO/min was commenced. In the operating room the patients were connected to a circle system with the absorber off. The fresh gas flow was set at 3.0 litres of nitrous oxide and 1.5 litres of oxygen per minute to produce normocarbia, which was confirmed by blood gas estimations during the procedure. Anaesthesia was maintained, where necessary, with either intermittent halothane, 0.5 to 1.0070, or 200 mg boluses of fentanyl. No halothane or fentanyl was given subsequent to carotid clamping. Throughout the procedure and particularly during the administration of thiopentone, the blood pressure was maintained within 20% of the pre-anaesthetic resting level by infusion of Hartmann's solution. Metaraminol 0.5-1.0 mg was necessary to achieve this on 20 occasions, and in three additional instances was used to elevate the pressure 20070 or more above the resting pressure, maintaining a minimum systolic pressure of 150 mmHg, when asymmetrical EEG changes were observed. At the completion of surgery each patient was reversed with neostigmine 2.5 mg and atropine 1.2 mg and was either extubated on the resumption of adequate respiration or transferred to the recovery room and ventilated for a short time. Arterial and central venous pressure monitoring and electrocardiographic, monitoring were continued at least until the following day. Postoperative hypotension in four cases was controlled with dopamine infusion which was instituted when the systolic pressure dropped by more than 20070 from the resting level, or below 100 mmHg.
Approximately 10 minutes before the arterial clamps were to be applied, thiopentone was slowly administered. It was given in sufficient dosage (range 10-25 mg/kg), to produce an EEG pattern of burst-suppression with nonactive periods of 30-60 seconds between activity bursts. This burst-suppression pattern persisted only for about 10 minutes after the carotid arteries were clamped. After this, the nonactive intervals rapidly became shorter in length. Since the average duration of carotid occlusion was 27 minutes, most patients required incremental boluses of 100-250 mg of thiopentone to maintain the appropriate EEG pattern.
EEG monitoring was carried out on an 8-channel recorder using subdermal needle electrodes. Recording was begun after the patient was positioned on the operating table and continued until the neck wound was closed. The surgical approach employed has been described previously.10 A temporary bypass shunt was not used in any of the operations.
RESULTS
The total doses of thiopentone administered ranged from 675-2200 mg: the mean total dose was 19.13 (S.D. 3.56) mg/kg. Thiopentone administration produced a characteristic progression of EEG change, similar to that described by others,17,18 which consisted of an initial production of fast rhythms of slightly increased amplitude. This was followed by a marked slowing of the dominant rhythms which also showed a considerable increase in amplitude and had low voltage faster activity superimposed. At deeper levels of thiopentone anaesthesia there were periodic bursts of activity interspersed with brief inactive periods. This is the pattern of burst-suppression activity; the full spectrum of these changes occurred over several minutes. As incremental doses of thiopentone were administered there was progressive prolongation of the inactive periods and the intermittent bursts of activity became briefer and of lower amplitude. The bursts of activity did not have a regular periodicity and the EEG needed to be monitored for several minutes to determine that the desired duration of the inactive periods of 30 to 60 seconds had been achieved. In most patients these intervening bursts of activity were fairly symmetrical, but in 13 patients they were obviously asymmetrical. In patients whose EEG remained symmetrical but in whom there was angiographic or other evidence which suggested that the collateral circulation might be compromised, incremental doses of thiopentone were given during the endarterectomy to maintain the 30-60 second burst-suppression EEG level. The majority of patients demonstrated quite symmetrical burstsuppression activity after clamping. In these, no additional doses of thiopentone were given once closure of the arteriotomy had commenced, even though the electrically inactive periods decreased to less than 30 seconds' duration, provided that symmetry of EEG activity was maintained and particularly that well-formed barbiturate-induced fast rhythms were generated over the cerebral hemisphere of the operated side.
In all patients there was a transient drop in arterial blood pressure during or immediately after thiopentone administration. If the blood pressure did not recover spontaneously within 2-3 minutes, metaraminol was given to restore it to an adequate level before the carotid clamps were applied. This occurred in 20 of the 77 operations. It was found that with slow bolus administration of thiopentone the problem of excessive blood pressure decrease could be much reduced if not always avoided.
No episode of cardiac ischaemia or serious arrhythmia was seen intraoperatively or in the immediate postoperative period. Ventilatory support was required for 12 patients for up to .·inueSlheslG and ltlfensil'(! Care, "01. N. So. 1, FebrltalY, 1986 one hour in the recovery room. No postoperative ventilation was necessary for the others, but they all took between 30 minutes and 3 hours to become fully responsive. All patients were assessed for neurological deficits after operation separately by the surgeon and the anaesthetist. No patient suffered any postoperative neurological deficit, central or peripheral, transient or long-lasting, that was not evident pre-operatively. There were no deaths in this group in the operative or postoperative period (up to 30 days after operation) . DISCUSSION Some studies have shown that the incidence of stroke attributable to cerebral ischaemia during carotid endarterectomy is very small. 1920 The risks depend largely on the patient selection presenting for surgery, as has been detailed by Sundt. 21 More than half of the patients in this series had abnormal features in their baseline EEGs when anaesthetised. The abnormalities varied from an excess of theta waves to the appearance of occasional delta waves or delta activity to focal changes, paroxysmal or epileptiform features or amplitude asymmetries. Although the majority of these abnormalities were of a mild nature, such EEG appearances indicate that an area of the brain has been compromised to some degree and may be at risk should there be a period of reduced cerebral per fusion following cross-clamping.
The technique of inserting a temporary bypass shunt in those patients whose EEG reveals ischaemic changes has reduced the morbidity of the operation 9 ,12-15 when carotid occlusion time is prolonged past the normally acceptable limit for a patient under general anaesthesia. 17
On the other hand, Rosenthal et al. 22 have indicated that a normal intra-operative EEG may be misleading in the carotid endarterectomy patient who has previously had a stroke or reversible ischaemic neurological deficit. In these patients areas of ischaemic brain tissue may exist, vulnerable to diminished perfusion and lacking normal autoregulation. Carotid cross-clamping may produce a critical drop in perfusion pressure to this region which the EEG or stump pressure fails to reflect. It could be argued that these patients therefore all require temporary bypass shunts or other cerebral protection, regardless of the appearance of the EEG. However, the risks inherent in the placement shunts have been described by Prioleau et al. 19 Barbiturate administration has been shown to be of benefit in ameliorating brain damage resulting from focal ischaemia in a variety of animal experiments,23-25 but the precise mechanism has not yet been defined clearly. Some possible mechanisms of barbiturate protection include a marked reduction in the cerebral metabolic rates for oxygen and glucose and an improvement in the ratio between metabolic requirements and the availability of substrates. 28 ,31,36-43 Barbiturates have been shown to reduce interstitial oedema,44,45 cause cerebral vasoconstriction, reduce cerebral blood flow and blood volume and hence reduce intracranial pressure. 4648 These effects together with the shunting of blood from normal areas of brain to ischaemic areas 38 ,49 improve local perfusion pressure and minimise the "noreflow" phenomenon. 50 Specific protection of the microcirculation is evidenced by the ability of barbiturates to reduce the early release of free fatty acids, 38,51 and they may also lessen the endothelial damage and reduce platelet adherence which occurs during prolonged ischaemia. 52 They have been shown to diminish the catecholamine-induced hypermetabolic state that follows reperfusion. 38 Thiopentone is highly lipid-soluble 53 and reaches maximal tissue concentrations within seconds of intravenous injection. 41 ,54,55 An unchanging relationship exists between blood barbiturate concentrations and the EEG in deep barbiturate anaesthesia 56 ,57 and a reliable measure of effect has been found to be the concentration of barbiturate in brain tissue required to produce burst-suppression activity of one-second duration in the EEG. 58 Because the EEG is an inherently stable index of barbiturate-induced central nervous system depression it can be used as a reliable measure of the effect of thiopentone on the brain 56 without the need for estimations of barbiturate serum concentration. 3 1. 59 Previously, in this unit a temporary bypass shunt was used very selectively as indicated by EEG changes, because of the potential hazards involved and the interference it posed in completing the endarterectomy. 60 Ad verse experiences included the passage of pultaceous atheromatous material from a lesion in the common carotid artery up into the shunt immediately following proximal insertion, loss of shunt patency 10 minutes after insertion, and intimal damage to the internal carotid artery.
The use of large doses of thiopentone instead of a shunt could not be done on a similar selective basis, since the barbiturate has to be in the brain tissue before the clamps are applied. This cannot be accomplished after clamping if perfusion is inadequate. The thiopentone protection technique is now used for all patients undergoing carotid endarterectomy.
The asymmetrical bursts of activity that were seen in the EEG suggested that the ipsilateral cerebral perfusion was deficient in these patients. None of them evinced any postoperative deficit so it may be assumed that the thiopentone protection was fully adequate in each instance. More than one quarter of the patients were known to be suffering from ischaemic heart disease in addition to carotid artery disease. Neither the administration of thiopentone nor metaraminol produced any adverse cardiac effects in these patients, although Riles et al. 61 found a significant increase in the incidence of myocardial infarction post operatively in patients with heart disease who were given metaraminol during carotid endarterectomy.
One of the major advantages of the thiopentone technique proved to be the very desirable haemodynamic conditions it produced during the early postoperative period. Patients were characteristically drowsy, relaxed and well-perfused. Hypertension and tachycardia, seen not uncommonly with our former technique, did not occur in this series of patients which could have been a major factor contributing to the absence of postoperative infarcts or strokes.
